Complement anaphylatoxins (C3a, C5a) are potent inflammatory mediators, implicated in the exaggerated inflammatory response seen in chronic obstructive pulmonary disease (COPD) [1] . COPD patients have decreased levels of serum C3 and C4 [2, 3] , and higher levels of sputum C3a and C5a, than healthy volunteers [4] . Both sputum and serum C5a levels climb during acute exacerbations [1, 5] . Serum C5a during COPD exacerbations has been positively correlated with C-reactive protein (CRP) and negatively correlated with percentage predicted forced expiratory volume in 1 s (FEV1 % pred) [5] .
The 24 patients recruited (16 male, eight female) had a mean±SD age of 75.4±7.97 years. All had at least mild to moderate COPD with mean±SD FEV1 of 1.17±0.38 L, FEV1 % pred of 47.7±20.5% and FEV1/ forced vital capacity ratio of 45.9±12.2%. Overall mean±SD smoking pack-years were 59.9±44.6 pack-years and seven out of 24 (29%) were current smokers. 20 out of 24 patients were on inhaled corticosteroids: 15 fluticasone, four budesonide and one beclomethasone. Four patients were on aspirin, eight patients on a statin and three patients on both. For both serum and sputum C3a and C5a there was no correlation between baseline levels and baseline markers of COPD severity, including absolute FEV1, FEV1 % pred, Global Initiative for Chronic Obstructive Lung Disease grade and COPD Assessment Test score. There was no correlation between levels of complement C3a/C5a at baseline and frequency of COPD exacerbations; furthermore, there was no difference in complement level between frequent versus infrequent exacerbators.
Sputum levels of both C3a and C5a were higher at exacerbation onset than during baseline: median (range) C3a 15. , respectively, p=0.0278.
A significant correlation was seen between the difference in sputum C5a level from baseline to exacerbation and time taken for clinical recovery: a greater increase in sputum C5a was associated with a longer clinical recovery (r=0.5334, p=0.0154) (figure 1b). The difference in sputum C3a from baseline to exacerbation was also correlated with clinical recovery (r=0.4488, p=0.0471).
Of the cytokines measured, only IL-6 and IL-10 showed any significant variation between baseline and exacerbation. Sputum C5a at exacerbation was positively correlated with sputum IL-10 level (r=0.5097, p=0.0110). There was no correlation between serum or sputum C3a or C5a and CRP at exacerbation. 
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There was also no correlation between changes in C3a or C5a between baseline and exacerbation, or changes in FEV1 between baseline and exacerbation.
Bacteria was detected in the sputum of 11 out of 24 (46%) patients at exacerbation and in three out of 24 (13%) patients at baseline. However, we found no association between the presence of bacteria in sputum with either sputum C3a or C5a at exacerbation or baseline; there was no correlation between bacterial load and sputum complement levels, either at exacerbation or baseline.
This study demonstrated significant changes in markers of complement activation (C3a, C5a) between baseline and exacerbation in a well-characterised COPD cohort. Significant increases in both sputum C3a and C5a were found during COPD exacerbations compared with baseline; this was consistent with previous studies, two of which found sputum C5a elevated [1, 5] and another demonstrated C3a elevation at exacerbation [10] . The opposite was seen for serum C3a and C5a, in which we found significantly lower levels during exacerbations.
The increase in sputum C3a and C5a seen at exacerbation may relate to complement activation occurring locally in the lung or migration of activated complement components (including C3a and C5a) from the circulation into lung tissue. Although the liver is the major site of complement synthesis, it is known that complement proteins can be synthesised in lung epithelial cells and alveolar macrophages [11] ; C5a generated in lung tissue has been shown to activate macrophages in the presence of immune complexes, leading to production of pro-inflammatory cytokines and chemokines [12] . In our study, IL-6 and IL-10 were the only cytokines found to have any variation between exacerbation and baseline. IL-10 has a predominantly anti-inflammatory role: the positive correlation between sputum C5a and IL-10 found in our study may indicate an inflammatory response secondary to complement activation occurring locally in the lung.
Exacerbation recovery is an important target for novel COPD treatments. The finding that a larger change in sputum complement levels ( particularly C5a) between baseline and exacerbation is associated with longer recovery time raises the possibility that excessive complement activation has a harmful effect in this setting. Anaphylatoxins such as C5a have several potential harmful effects, including mediating chemotaxis ( particularly neutrophil migration), inflammation and generation of cytotoxic oxygen radicals [13] . It would therefore not be surprising that excessive levels of these might have a negative impact on recovery.
Although our study has demonstrated an association between changes in complement levels in sputum at exacerbation and clinical recovery, we were not able to demonstrate any other association between complement and markers of disease severity, either at exacerbation or baseline. This was despite the fact that the majority of patients in this study (17 out of 24 (71%)) had a history of frequent exacerbations and thus were of a relatively severe COPD phenotype.
A limitation to the current study is the fact that given patient numbers were small, it is not possible to comment on the significance of our results to clinical practice. Further research, including the identification of subtypes of COPD patients that have particularly high complement levels at exacerbation, will enable this possible relationship to be further elucidated.
In conclusion, this study has shown significant changes in complement activation at COPD exacerbation. For the first time we have demonstrated a significant relationship between the rise in sputum C3a and C5a levels at exacerbation and recovery time. Excessive complement activation may impair local immune functioning and thus may prolong exacerbation length. Future studies should examine complement inhibition agents as potential novel acute exacerbation therapies. 
